We use a Bayesian stochastic search variable selection structural VAR model to investigate the heterogeneous impact of housing demand shocks on the macro-economy and the role of house prices in the monetary policy transmission, across euro area countries. A novel set of identification restrictions, which combines zero and sign restrictions, is proposed. By exploiting the cross-sectional dimension of our data, we explore the differences in the propagation channels of house prices and monetary policy and the challenges they pose in the process of real and nominal convergence in the Eurozone. Among the main results, we find a comparatively stronger housing wealth effect on consumption in Ireland and Spain. We provide new evidence in support of the financial accelerator hypothesis, showing that house prices play an important role in the availability of loans. A significant and highly heterogeneous effect of monetary policy on house price dynamics is also documented. 
Non-technical Summary
We use a structural Bayesian vector autoregression model for seven euro-area countries (Belgium, France, Germany, Ireland, Italy, the Netherlands, and Spain) for the period 1980:Q1-2014:Q4 to provide a systematic structural analysis of the impacts of housing demand shocks on economic activity and the role of house prices in the monetary policy transmission. We focus on a country by country analysis, given the idiosyncratic characteristics of the housing market in the euro area, which suggest that pooling or aggregating may lead to biased inference (Pesaran and Smith, 1995) and misleading policy recommendations. At the same time, we exploit the cross-sectional dimension of our data, to compare and quantify the degree of heterogeneity of the effects of housing demand and monetary policy shocks across euro area members. In doing so we fill a gap in the literature, largely focused on the US, the UK and the euro area as a whole.
Identification of housing demand and monetary policy shocks is achieved using a novel set of zero and sign restrictions. The priors are selected using a Bayesian stochastic search approach to allow for shrinkage of the VAR coefficients while selecting restrictions that are supported by the data itself. This in turn allows appropriate finite sample inference and exploits in full the intrinsic cross-country heterogeneity typical of the housing market.
Estimation results confirm that the effects of housing demand and monetary policy shocks differ widely across countries. We highlight some of the main results. First, we find a modest housing wealth effect in the euro area, with the exception of Ireland and Spain, where a housing demand shock, in terms of a 1% increase in real house prices, is associated with a significant increase of real private consumption of 0.15%. The historical decompositions corroborate the results of the impulse response analysis. The cumulative effects of housing demand shocks on real private consumption are muted in most countries but Ireland and Spain. In both countries, housing demand shocks significantly contributed to the surge of consumption growth during the specific housing boom episode observed in the sample and to the subsequent decline during the following recession.
Second, we document a strong response of real loans to housing demand shocks. The effects of housing shocks on loans are significant across all countries, while the degree of heterogeneity is less pronounced. Similarly, housing demand shocks play an important role in explaining loans forecast error variance (FEV) across all countries under investigation, with an average contribution of slightly less than 40%. These findings support the "financial accelerator" hypothesis, according to which increases in the value of the collateral improve households borrowing capacity. Moreover, the cumulative effects of housing demand shocks to real loans growth are sizeable across all countries under investigation.
Finally, we corroborate the strong role of house prices in the euro area monetary policy transmission and document high heterogeneity in the impact of monetary policy shocks on
Introduction
In the light of the recent global financial crisis, it is crucially important to understand the role that house prices played in the past and the linkages between housing, monetary policy and macroeconomic activity in general, in order to detect future housing imbalances and to improve financial stability. As a result, the literature on housing in macroeconomics has grown very rapidly in recent years.
1 Nevertheless, most of the current studies focus on the aggregate euro area, the UK and the US.
2 Yet, little is known about the effects of house prices in each euro area member states. A notable exception is Giuliodori (2005) although this work only covers the pre-EMU period. 3 The first contribution of this paper is to fill this gap. We use a structural Bayesian vector autoregression model for seven euro-area countries (Belgium, France, Germany, Ireland, Italy, the Netherlands, and Spain) for the period 1980:Q1-2014:Q4. We focus on a country by country analysis, given the idiosyncratic characteristics of the housing market in the euro area (ECB, 2003) which suggest that pooling or aggregating may lead to biased inference (Pesaran and Smith, 1995) and misleading policy recommendations. Adopting a novel set of identification restrictions which combines zero and sign restrictions, based on the algorithm developed by Arias et al. (2014) , we provide a systematic structural analysis of the effects of housing demand shocks on economic activity and the role of house prices in the monetary transmission mechanism across euro area countries. The combination of zero and sign restrictions allows us to distinguish between a housing demand shock and an aggregate demand shock. Disentangling these two shocks would be less than obvious if we were to use only sign restrictions. The priors are selected using the Bayesian stochastic search variable selection (SSVS) approach developed by George, Sun and Ni (2008) . This method allows for shrinkage of the VAR coefficients (to overcome the over-parameterization problem) while selecting restrictions that are supported by the data itself. This in turn allows appropriate finite sample inference and exploits in full the intrinsic cross-country heterogeneity typical of the housing market.
Second, using to the extent possible a dataset composed of comparable data sources, sample periods, and by employing the same econometric methodology for each country, we exploit the cross-sectional dimension of our data to quantify the degree of heterogeneity of the impact of housing demand shocks on the macro-economy and the role of house prices in 1 An excellent survey is provided by Piazzesi and Schneider (2016) . 3 Using a recursively identified VAR, the author focuses on the role of house prices in the monetary transmission and provides some evidence on their effects on household consumption while leaving aside their role in driving other important variables such as GDP, inflation, lending rates and most importantly the supply of credit.
the transmission of monetary policy across Eurozone members. 4 In fact, the current literature lacks of such comparative studies, especially with respect to the role of housing wealth on economic activity. The investigation of heterogeneity in the euro area housing markets is clearly relevant from a policy perspective. Given the ongoing recovery in house prices, it is fundamental to ask what are the implications for the broader macro-economy and to investigate how the heterogenous impacts of house prices across countries can amplify the existing economic divergences across Eurozone members. 5 House prices in the euro area appear to be currently supported by several factors: favourable financing conditions, the enfolding recovery in growth and employment and a low yield environment which makes housing investment relative attractive compared to alternative asset classes (ECB, 2015) . A protracted increase in house prices is therefore foreseeable and its macroeconomic implications need to be carefully assessed by policy makers. Moreover, considering the numerous interactions -of a real and financial nature -characterizing the housing market (Wachter, 2015) , it is inevitable that the two aforementioned questions -how housing demand shocks affect the macro-economy and how monetary policy affects house prices -are intrinsically interrelated. In this context, house prices, like other asset prices, represent a potentially important component in monetary policy transmission, to the extent that changes in interest rates and other (non-standard) monetary policy measures affect house prices, thereby influencing economic activity and private consumption.
With regard to the transmission of monetary policy, Calza et al. (2013) conduct an analysis similar to our investigation. Accounting for heterogeneity in the estimation, the authors classify 19 advanced economies into two groups according to the degree of development of mortgage markets and the type of interest rate structure, to examine whether the national mortgage markets' institutional characteristics influence the effects of monetary shocks. Identification of the latter is achieved via Cholesky decomposition. Differently from them, we ask whether a common monetary policy could amplify divergences in house prices fluctuations among the Eurozone members when reacting to area wide aggregates such as inflation and economic activity. As noted in Bini Smaghi (2011), given its primary objective of maintaining price stability in the euro area, the ECB has "no choice but to take a euro area perspective". Therefore, since its policy decisions aim at price stability at the area-wide level and "cannot be tailored to the specific needs of a single Member State", it is important to quantify and compare the different effects of monetary shocks on house price dynamics across euro area countries, regardless of the degree of development of national mortgage markets, which according to Cardarelli et al. (2008) is rather low in all countries under study, some stylized facts. In Section 3 we provide a brief review of the literature on housing in macroeconomics. Section 4 describes the methodology used. Section 5 presents results of the structural VAR analysis. In particular, we highlight the strategy used to identify the structural shocks and describe the main findings from impulse response analysis, the forecast error variance decomposition, and historical decomposition. Finally, we conclude.
Data and Stylized Facts
Some Stylized Facts. The house price cycle has turned the corner in the euro area. The annual rate of change in euro area house prices started to increase in mid-2013 and turned mildly positive since the second half of 2014, subsequently reaching a post crisis high at the beginning of 2016. This aggregate trend follows heterogeneous developments across euro area countries. Large downward adjustments in real house prices took place in Spain and Ireland since the beginning of 2008, where prices declined around 40% from the peaks reached before the financial crisis. Sizable declines in excess of 20% were also experienced in the same period in the Netherlands and Italy, while real house prices were broadly stable in Belgium and increased notably in Germany by 27%. Indeed, the building and subsequent correction of house price imbalances -typical of a boom-bust pattern characterising the housing market -renders the observed aggregate recovery relatively muted and characterised by a differentiated pace across countries. In this context, exploring how house price dynamics affect the macroeconomy and how monetary policy influence house prices appear of particular interest. To further grasp the importance of housing for the macro-economy and put things into perspective, housing wealth in the euro area represents, on average, 37% of households' net worth. In turn, at the end of 2014, real estate-related loans to households and nonfinancial firms in the euro area accounted for nearly 57% of euro area banks' total loans to the non-financial private sector and more than half of euro area GDP (ECB, (2015)).
Data.
A detailed description of the database used in the descriptive and econometric analysis is provided in Appendix B.1. In Appendix B.2, we provide charts which depict the variables of interest for the seven euro area countries examined (Belgium (BE), France (FR), Germany (DE), Ireland (IE), Italy (IT), Spain (ES), and the Netherlands (NL)) and, for illustrative purposes, the euro area. The variables are: real house prices, consumer price inflation, real GDP, real loans to households, lending rates and monetary policy rates. All variables are shown as an index level, except for the interest rates which are in percentage terms. From a first graphical inspection of the data some interesting points emerge. First, the heterogeneity in real house price dynamics across the panel of euro area countries is broadly matched by qualitatively similar dynamics in real loans to households, generally suggesting a high degree of co-movement between the two variables. In particular, countries experiencing boom-bust episodes in house prices (such as Ireland and Spain) have also undergone sharp increases in credit to households before the financial crisis followed by reversals after the crisis. This also holds to some extent for Italy and the Netherlands. At the same time, sustained house price dynamics in France and Belgium, especially in the latter part of the sample period, have been accompanied by continued growth in loans to households. On the contrary, in the case of Germany, declining or subdued house price dynamics for a large part of the sample period have been matched by a modest increase in loans to households. Second, a certain degree of co-movement between real house prices and economic activity in terms of real GDP is also evident, in particular in the case of Ireland, Spain and the Netherlands. The findings described above are confirmed when looking at cross correlations. The alignment between real house prices and the business cycle (in terms of real GDP) is highest in terms of maximum correlation in Spain, Ireland and the Netherlands and it is found at broadly coincident level. The maximum correlation between annual real house prices and real loans to households is found in the case of France, Ireland, Spain (around 70%) and Belgium and the Netherlands (around 50-60%). In the case of the Netherlands, Spain and Belgium real house price growth tends to slightly lead annual growth in real loans to households. Third, consumer prices were characterised by a much lower degree of cross-country heterogeneity compared to house prices, as well by more moderate increases or less pronounced falls. Finally, the well-known downward trend in lending rates is evident, notwithstanding some volatility in the initial part of the sample -before 1999 -characterised by different monetary policy regimes.
Literature
In this section, we briefly review the main theories on the role of house prices in the business cycle and in the transmission of monetary policy. A non exhaustive list of works which use multivariate structural models to quantify the impact of housing demand and monetary policy shocks is also reported.
The Interaction between House Prices and the Business Cycle
How do house price fluctuations affect households' consumption decisions? House price changes may have significant effects on aggregate consumption through different channels. First, an increase in house prices leads to a rise in homeowners' wealth, seen as the sum of liquid financial assets and real estate's value minus outstanding debt. However, as noted in Campbell and Cocco (2007), such an increase does not necessarily correspond to a raise in real wealth and therefore may have no effect on consumption. In fact, a house price increase does not affect the consumption behavior of a homeowner who is not planning to sell his house. It is just a compensation for a higher implicit rental cost of living in the house as pointed out in Sinai and Souleles (2005) . The age structure of the population may play a role. While Campbell and Cocco (2007) find that house price increases benefit mostly old owners, rather than young renters, confirming the so-called "wealth hypothesis", Attanasio et al. (2009) findings support the so called "common factor hypothesis": the impact of house prices on consumption is the same across different age groups.
Second, even in the absence of wealth effect, an increase in house prices may lead to an increase in consumption, since housing can be used as collateral in a loan. It therefore allows borrowing constrained homeowners to smooth consumption over the life cycle, as shown in Ortalo-Magne and Rady (2006) and Lustig and Van Nieuwerburgh (2006). As argued in Almeida et al. (2006) , if the collateral-based accelerator theory were to hold, one should expect a larger increase in consumption (following an increase in house prices) in high loanto-value (LTV) ratio countries. In fact, as stated by the authors "the procyclical increase in borrowing capacity may allow households to further increase housing spending, amplifying the collateral-based spending cycle". Countries with a high LTV ratio are characterized by higher marginal opportunity to borrow. This argument is also made in Muellbauer (2015) , where the author argues that in countries with low first-time buyer FTB-LTV ratio, higher house prices may have a negative impact on aggregate consumption if they are not accompanied by higher income or income growth expectations. The main reason is that those who want to become owner-occupiers need to save more while renters anticipate higher rents in the future which therefore negatively affects their spending decisions.
House prices and economic activity. House price shocks may have a positive impact on GDP through higher consumption since, as discussed above, an increase in house prices implies a higher value of colletaral which can be used by a borrowing-constrained households to obtain more credit. Furthermore, due to the "Tobin's q" effect, a rise in house prices encourages companies to invest more in housing construction (because their market value is higher than their construction costs) which in turn affects real growth. At the same time, housing demand shocks may exercise upward pressure on inflation directly trough higher rents (which are a component of CPI services inflation) and indirectly through consumption. The impact on inflation through higher rents should be larger in those countries where homeownership is lower. According to the "financial accelerator" theory, the (indirect) impact on CPI (through consumption) should be bigger in countries with higher LTV ratio.
House prices and the market for loans. As discussed in Basten and Koch (2016), different mechanisms are at play in the relationship between house prices and mortgage volumes. First, an increase in house prices which is not accompanied by a contemporaneous increase in households wealth may induce those who are seeking to buying to resort to more loans when purchasing a new housing. This increase in demand will result in higher equilibrium mortgage amounts, even in the absence of an outward shift in the mortgage supply curve. At the same time, given that the value of the collateral has increased, banks may be more willing to extend loans, especially if they expect future house prices to grow further. In such a case, an increase in house prices can also cause a shift of the credit supply curve. The subsequent consequences on lending rates depend on many factors among which, the availability of credit and regulatory capital ratio requirements, the risk perception of potential borrowers or the degree of competition in the banking sector. Bernanke and Gertler (1995) argue that credit market frictions can have a relevant impact on households' borrowing and spending decisions on durable items such as houses which in turn affect residential investment and therefore aggregate economic activity. Monetary policy can affect residential investment through the balance sheet channel. In fact, the authors note a direct link between housing demand and consumer balance sheets, due to features such as "down-payment requirements, up-front transaction costs, like closing costs and 'points' and minimum income-to-interest-payment ratios". The lending channel also plays a role. According to Iacoviello and Minetti (2008) , in the occurrence of a liquidity shock, banks may tend to shift from less to more liquid loans or to securities. Therefore, the relative illiquidity of mortgages becomes crucial especially in those countries where mortgage standardisation and securitisation are not common. At the same time, a fall in bank mortgages will result in a shortage of funds for house purchases, especially in those countries in which the supply of loans from specialist mortgage lenders or from the state is not enough to satisfy the demand for housing purchases.
The Role of Monetary Policy Shock for House Price Fluctuations

Selected Empirical Evidence
In this subsection, we present a non-exhaustive overview of the empirical literature on housing and the monetary policy transmission.The studies presented in Table 1 differ in terms of methodology, country coverage, and sample periods. Therefore, their comparability is inevitably limited. We focus only on the literature which derives insights on the quantitative importance of different mechanisms from multivariate structural models. Most of the works reviewed here use VAR models estimated using classical inference, with a few exceptions. Jarocinski and Smets (2008) 
The Bayesian SSVS-VAR Model
We run a Bayesian VAR model for each country, namely Belgium, France, Germany, Ireland, Italy, the Netherlands, and Spain. VAR models have been widely used in the study of house prices and monetary policy, given that linear interdependencies may exist among the time series under study, and because of their ability to forecast and quantify impulse responses to macroeconomic shocks, among other reasons. The choice of countries is dictated by three reasons. First, we focus on a country dimension given the intrinsic idiosyncratic nature of housing markets across the euro area members. Second, the country coverage is influenced by the need of sufficiently long time series and reliable house price data. Finally, differently from the current literature, we are interested on a cross-country comparison for euro area countries rather than focusing on the euro area as a whole. For each country, the reduced form VAR(p) model van be written as
for t = 1, .., T, where u t ∼ N (0, Σ u ) and y t is a m × 1 vector of endogenous variables.
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The vector of endogenous variables in our baseline VAR model includes lending rates to households (for house purchase), national banks' official rates (starting from 1999, we use the ECB rate on the marginal lending facility) and (annualized) growth rates of real house prices, real consumption (or alternatively real GDP), the consumer price index (CPI), and real loans to households. The choice of variables is in line with Giuliodori (2005) and Musso et al. (2011), among others.
Equation (1) can be rewritten in compact form as
where Y and U are two T × m matrices, X is of dimension T × K and A = (µ, A 1 , .., A p ) is a K × m matrix of coefficients, with K = (mp + 1). The estimation sample is 1980Q1:2014Q4.
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The lag order of the model for each country has been chosen using the Akaike information criterion. 
The Choice of the Prior
When the number of observations is limited, the number of parameters to be estimated may be too large relative to the available data. In the absence of restrictions in the regression coefficients and the covariance matrix, the model is over-parameterized. Consequently, the precision of inference and the reliability of prediction are negatively affected.
To overcome this problem, the Bayesian approach has become widely used for VAR modelling, as it incorporates prior knowledge about parameter values. Various priors for unrestricted and restricted VARs which allow for shrinkage of the coefficients have been proposed. Prior elicitation is typically based on the ground of formal or informal economic theory or using information about pattern on macroeconomic data. For instance, Doan et al. (1984) suggested a Minnesota prior that shrinks the VAR parameters towards a random walk model. However, as noted by George, Sun and Ni (2008), such approaches "are based on an implicit assumption that the relevant restrictions are known" even though "at least for some economic problems, current theoretical knowledge does not warrant such confidence". Moreover, Koop and Korobilis (2010) note that they require "substantial prior input from the researcher (although this prior input can be of an automatic form such as in the Minnesota prior)". In view of the above reasons, following George, Sun and Ni (2008), we use a Bayesian stochastic search approach (SSVS) to selecting restrictions for VAR models that are supported by the data itself. It does so in an automatic fashion by using a hierarchical model, where the prior for a parameter is a function of a hyperparameter which in turn has its own prior. Therefore, it allows us to impose plausible restrictions on both the covariance matrix and the VAR regression coefficients while requiring "minimal prior input from researcher" (Koop and Korobilis, 2010) .
In particular, let α = vec(A) be the Km × 1 vector of regression coefficients. The SSVS assumes that the prior distribution of α j (the jth element of α) is a mixture of two Normal distributions:
where γ j is a dummy variable; τ 0j is set to be small and τ 1j large (for j = 1, .., Km) so that α j is restricted to be very close to zero when γ j = 0 and unrestricted when γ j = 1. The dummy γ j is unknown and it has to be estimated in a data-based fashion. In particular, it is assumed that the γ j 's are independent Bernoulli random variables so that
As noted by George, Sun and Ni (2008), for each j, p j reflects the prior belief that α j should be unrestricted. In the absence of such prior information, one could set p j ≡ .5 and let the data decide whether to shrink or not the coefficient to zero, as we do in this paper. A similar prior for Σ u is assumed, in order to impose restriction on the covariance matrix. We refer the reader to Appendix A.1 and to George, Sun and Ni (2008) for details.
Bayesian stochastic search approach is advantageous to select restrictions, shrinking many coefficients to zero, while providing relative probabilities of the selected models. Therefore, it helps researchers to focus on the more realistic submodels and in turn to make adequate finite sample inference. It differs from previous VAR modeling approaches as "it does not a priori rule out submodels of the VAR under consideration. Instead, it allows for the comparison of submodels based on the data". In fact, as noted in Koop and Korobilis (2010) , the result of the SSVS-MCMC algorithm will be Bayesian model averaging (BMA). At the same time, using simulated numerical examples, George, Sun and Ni (2008) find that their model performs well in selecting a satisfactory model and lead to improvements in forecasting in terms of Mean Squared Errors.
Structural Analysis
Identification Strategy
To investigate the heterogeneous effects of house prices on the macro-economy, and their role in the monetary policy transmission across euro area countries, we identify both housing demand and monetary policy shocks. Intuitively, a housing demand shock is mainly attributable to households' preferences. Such a shock would increase the relative attractiveness of housing vis-a-vis other goods/services, for example via a more favourable tax treatment or deductibility of mortgage expenditures, or in terms of improved location due to enhanced services and amenities (think of a new underground project connecting the suburb of a city with its centre). Such a shock could also be interpreted as a preference shock resulting in changes in the political and social environments that encourage an increase in home-ownership as in Baldi (2014) . In the case of Spain, Aspachs-Bracons and Rabanal (2011) interpret such a shock as driven by population changes: increased immigration, the baby boom generation, and social changes that reduce the number of persons per households and increase the number of household units. Since the works of Faust (1998), Canova and De Nicolo (2002) , and Uhlig (2005), identification via sign restrictions has become increasingly popular (see Fry and Pagan (2011) for a review). We identify housing demand and monetary policy shocks by using a combination of zero and sign restrictions, using the algorithm proposed by Arias et al. (2014) . The matrix of contemporaneous impacts of the shocks on the endogenous variables is defined in Table  2 .
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Identification of housing demand shocks. Among other reasons, combining zero with sign restrictions allows us to specify enough information to discriminate between a housing demand shock and an aggregate demand shock. This distinction would have not been possible by simply using an identification strategy which only imposes sign restrictions.
The assumption that real consumption (or real GDP) and inflation do not react on impact to a house price shock, captures the idea of stickiness in the transmission of the shock due, 11 Identification of housing demand shocks does not require imposing any restrictions in rows 3 to 6 of the second column, as well as no restrictions in the (2,3) and (2,4) elements of the matrix shown in Table 2 . Similarly, when identifying monetary policy shocks, we do not impose any restriction in rows 3 to 6 of the first column and in the (4,3) and (3,5) elements of the matrix. We do so to facilitate replicability of results. In fact, imposing all the restrictions is computationally costly as identification of each country's VAR shocks would require around two days.
for example, to the transaction time required to buy/sell a property and/or to a lagged or muted reaction of rents affecting inflation with some delay. In fact, Muellbauer (2015) note that rents (both private and commercial) adjust relatively slowly to an increase in house prices. A sluggish response of inflation to house prices is also found in Bjornland and Jacobsen (2010). This assumption is also used in Jarocinski and Smets (2008) and it is in line with Giuliodori (2005) and Musso et al. (2011) , who imposes a recursive structure in which house prices are ordered after GDP and inflation. The patterns used to distinguish aggregate demand and supply shocks are commonly used in the literature (e.g. Fry and Pagan (2011)). The zero contemporaneous impact of a house demand shock on monetary policy is consistent with a Taylor Rule. Furthermore, by imposing sign restriction rather than simply assuming a recursive causal structure of the system (e.g Sims, 1980), we are able to discriminate house prices shocks from loans supply and lending rates shocks on the ground of economic theory. Instead, it would be more difficult to find an appropriate theoretical justification in what order those variables are recursive. We assume that a house demand shock causes a contemporaneous increase in both real loans and lending rates. To understand the latter hypothesis, we look at the market for loans, and suppose demand and supply are in equilibrium. An exogenous housing demand shock may shift up the demand curve and down the supply curve (given that the value of housing collateral increases). We assume that the shift in the demand curve will be higher than the shift in supply because of regulatory requirements and balance sheets conditions that banks have to satifsy (e.g. the availability of mortgage credit is limited to a maximum LTV ratio, Almeida et al. (2006)) and given that some borrowers may be highly leveraged (e.g. their debt-to-income ratio is quite high even before applying for a new loan). As a result, the new equilibrium will be characterized by higher market lending rates and an increase in the volume of loans.
12 This is in line with Jarocinski and Smets (2008) and Iacoviello and Neri (2010) , who assume that an increase in real house prices is not associated with a fall in nominal short-term interest rate to rule out an expansionary monetary poliy shock. This assumption allows us to distinguish between housing demand shocks and a (positive) loans supply shock. The latter may be associated to various events, such as changes in regulatory capital ratio requirements which increase the amount of banks capital available for loans. (2005)). In line with the former, we assume that central banks react endogenously to conemporaneous movement in current prices and output, among other things. In other words, we assume that output and prices respond only with a lag to a policy instrument shock. The latter branch of literature argues that house prices, and asset prices in general, react almost instantaneously to news and therefore are important transmission mechasnism of monetary policy shocks. Therefore, we assume that both interest rates and house prices react simultaneously to news. To consider house prices as forward looking variables which respond immediately to monetary policy news is consistent with economic theory, see Iacoviello (2005) . A similar assumption is made in Bjornland and Jacobsen (2010). Instead, using a recursive structure, Goodhart and Hofmann (2001) and Giuliodori (2005) impose that house prices do not respond immediately to monetary policy shocks. Assuming a decrease (increase) in loans after a contractionary (expansionary) monetary policy shock is in line with Gerali et al. (2010) and Gertler and Karadi (2011) . We also assume that central banks do not react contemporaneously to a loans supply shock. In fact, as central banks target inflation, they intervene only if inflationary pressure from supply shocks realizes.
14 Model Identification Problem. Although sign restrictions provide sufficient information to identify the structural parameters, they do not lead to a unique set of impulse responses.
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As noted by Fry and Pagan (2011), there is a variety of models which are consistent with the imposed sign restrictions and which provide the same fit to the data. In other words, sign restrictions do not overcome the "model identification problem". We adopt Fry and Pagan (2007)'s "Median Target" (MT) strategy which consists in finding a single model whose impulse responses are closest to the median responses across all the qualifying models. By devising a criterion to do this, we solve the "multiple models" problem since it ensures that the impulses come from the same model and that the corresponding shocks are orthogonal. As noted in Fry and Pagan (2011), the MT criterion selects the median responses when these are uncorrelated. Finally, we note that although the choice of the MT criterion, rather than other magnitude of impulses, may be arbitrary, it is a popular choice as it captures the central tendency of all the plausible models found (Eickemeier and Ng, 2015). Another advantage of using the MT strategy is that when employing this criterion, the sum of the contributions of each error to the forecast error variance of each endogenous variable is equal to one.
The Impact of Housing Demand Shocks
In this section we report the impulse responses of selected variables to a housing demand shock -in terms of a 1% increase in real house prices -for each country under investigation. Comparison across countries is facilitated by the fact that all the structural shocks have unit variances. In addition, we apply the Mean Group (MG) estimation procedure proposed by Pesaran and Smith (1995) to obtain cross-sectional average responses. In particular, let ζ (i) kl be a h × 1 vector containing the MT responses of variable l to an impulse in variable k over h periods, for country i. The MG responses of variable l to an impulse in variable k (over h periods), can be computed as the cross-sectional average
Similarly, the credible intervals for the MG responses can be computed by taking the cross-sectional average of the impulse responses associated with the percentile of interest.
For the vast majority of countries, a positive housing demand shock has a significant positive impact on inflation, economic activity and real loans to households. Figure 1 shows the effects of housing demand shocks on house prices, real GDP, and inflation. The magnitude of the maximum impact on inflation varies between 0.02% and 0.2%, averaging around 0.05% across the countries examined. The impact on real GDP varies between 0.04% and 0.12%, averaging 0.09% and is significant for France, Ireland, Spain, and partially Italy. The maximum impact of the shock is achieved after three quarters on average for activity and inflation. Three country specific observations can be made. First, the impact of a housing demand shock on real GDP is highest for Ireland and Spain, countries having experienced a boom-bust pattern in house prices. 16 Second, the impact of the shock on inflation are larger and significant in the case of Germany, France, and Spain. Muellbauer (2015) argues that in Germany, having a system of comparatively flexible rent controls, an increase in house prices may be followed by a rise in rents affecting in turn inflation developments. House prices and the market for loans. The impact on real loans to households, shown in Figure 2 , varies between 0.10% and 0.5%, averaging 0.35%. The positive effect of house price shocks on loans is highest on impact for all countries and reflects the tight links between the credit and the housing markets. The impulse responses of real loans exhibits a fairly similar pattern across countries in terms of expected sign, size and statistical significance. Figure 3 indicate that the magnitude of the maximum impact on real private consumption varies between 0.02% and 0.16% across the countries examined, averaging 0.1%, with the maximum impact occurring after three quarters on average. They confirm the intuition that liquidity constrained households can expand their consumption capabilities using housing wealth as collateral to obtain higher borrowing (Iacoviello, 2004 ). Moreover, the ordering of countries is confirmed. Ireland and Spain exhibit the largest wealth effects on consumption (around 0.15%) followed by Italy. Results for the first two countries are highly significant, while those for the others exhibit a lower magnitude of the impact and lower statistical significance. Muellbauer (2015) finds a negative effect of real house prices on consumption in both France and Germany. Instead, our analysis reveals that a housing demand shock has a positive impact on consumption in both countries, even though, as noted above, this effect is rather muted. 
Wealth Effects. Results shown in
Variance Decomposition
Forecast error variance (FEV) decomposition is crucial to understand how important a housing shock is for consumption, credit supply and other variables of interest. In fact, this "innovation accounting" analysis allows us to answer to what extent the variability in the aforementioned variables can be explained by a housing demand shock. Figure 4 shows the proportion of 1, 3, 5, and 20 quarters ahead forecast error variance of each endogenous variable of the VAR accounted for by innovations in real house prices. The contribution of the housing demand shock to fluctuations of aggregate consumption, inflation, loans and lending rates is highly heterogeneous across countries. About 40% of the FEV of house prices is accounted for by own innovations in Ireland and Spain, followed by Belgium and Italy. The identified structural shock seems to play a minor role in explaining the variation of consumption across countries, with the exception of Spain and Ireland, where house prices innovations contribute slightly less than 15% to the forecast error variance of consumption. For all the other countries, the contribution is less than 5% and almost zero in Germany. In France, Ireland, and Spain, only 10% of the FEV of inflation can be explained by a housing shock. On the other hand, housing demand shocks play an important role in explaining loans FEV across all countries under investigation (the average contribution is approximately 40%), confirming the "financial accelerator" hypothesis, according to which changes in the collateral affect borrowing capacity (Bernanke et al. (1996) and Almeida et al. (2006)).
Monetary Policy Shocks and the Role of House Prices
Regarding the role of house prices in the transmission of monetary policy, we find that monetary policy shocks have a significant, strong and lasting impact on house prices, corroborating the existence of a credit channel in the euro area housing market. Figure 5 depicts the impulse responses of real house price growth to a monetary policy shock in terms of 25 basis points increase in the policy rate. The responses are highly heterogeneous across the countries examined. A 25 basis points contractionary monetary policy shock significantly reduces real house prices between 0.4% (in Germany) and 3% (in Spain), on average by 1.6%, with the maximum impact generally occurring contemporaneously.
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Being aware of such heterogeneity is crucial to address possible imbalances across countries and to design policies to mitigate risks deriving from residential property markets. The result for Spain seems to suggest that lower interest rates may have played a role in stimulating the demand for housing by easing financing conditions. In Ireland, the response of house prices to a monetary shock are in line with the average responses. As shown in Figure 6 , a contractionary monetary policy shock also causes a significant decline of real loans to households, between 0.2% (Germany) and 0.8% (the Netherlands), on average by 0.6%, with the maximum impact occurring contemporaneously. The heterogeneity across countries of the impact of the shock on real loans does not appear to be related to the tenure of the mortgage rate structure. The magnitude of the impact is also quite dispersed within countries characterised by prevalence of variable rates -such as Italy, Spain and Ireland -or fixed rates -such as France, Belgium, Germany and the Netherlands (ESRB (2015)).
Variance Decomposition
To quantify the importance of monetary policy shocks we compute the forecast error variance decomposition. A monetary policy shock accounts on average for around 25% of the FEV of real house price growth (Figure 7) . The contribution is above the average for Spain, followed by Italy and the Netherlands and is the lowest in Germany. In the latter country, only less than 10% of the FEV of house price growth is accounted for by a monetary policy innovation. These results corroborate the evidence that the housing market plays an important role in the monetary policy transmission mechanism, and provide new evidence on the heterogeneous impact of monetary policy on house prices fluctuations. Monetary policy shocks also contribute on average around 30% of the variability in real loan growth, which is less than the average contribution of housing demand shocks.
Historical Decompositions
So far we have studied how the structural shocks of interest affect average movements in the data, by means of forecast error variance decompositions and impulse response functions. In this section, we use historical decompositions in order to assess the cumulative effects of housing demand and monetary policy shocks on the business cycle and their relative importance in explaining the observed fluctuations in the endogenous variables of the VAR, at each point in time.
To compute the historical decompositions, we rewrite the VAR model described in equation (1), in its moving average representation:
where Θ s = Φ sÃo , and w t−s =Ã
−1
o u t−s are the orthogonal shocks.Ã o is the contemporaneous structural matrix satisfying the imposed zero and sign restrictions. As we cannot estimate all the "infinite" shocks, w t−s , for s = 0, .., ∞, we truncate the series. We denote such an approximation asŷ kt is the cumulative effect of shock j to the kth variable of the VAR process andθ
As suggested in Kilian and Lütkepohl (2017), we demean bothŷ t and y t to remove any discrepancy among them. We discard the initial (transients) observations (in particular, we remove the first 20 observations) so that the two observations coincide with minimal approximation errors (which could arise from the truncation of the infinite sum).
Following Kilian and Lütkepohl (2017), we construct counterfactuals as an alternative way of assessing the cumulative effect of a structural shock to the observed data y kt , for k = 1, .., m . They are defined as c
where the counterfactual, c
kt , represents the evolution of y kt in the absence of the jth structural shock. Housing Demand Shocks and Business Cycles. Figure 8 illustrates the evolution of (quarterly) real private consumption growth (y kt ) in deviations from the sample mean against its counterfactual (c . 18 The cumulative effect of housing demand shocks is rather muted in the remaining countries. As shown in Figure 9 , the historical decomposition analysis corroborates the "financial accelerator" hypothesis according to which increases in the collateral improve households borrowing capacity. The cumulative effects of housing demand shocks to real loans growth are sizeable across most of the countries under investigation. As for consumption, the contribution of housing shocks to real loans growth was larger in Spain and especially in Ireland. In both countries, exogenous housing price increases significantly contributed to the raise of real loans growth during the specific housing boom episode observed in the sample. The subsequent bursting of the housing bubble and the consequent decline in house prices drastically reduced the availability of loans, which in turn may also have had negative consequences on real consumption growth. Monetary Policy Shocks and House Price Dynamics. Figure 10 plots the historical evolution of (quarterly) real house prices growth (in terms of deviations from the sample mean), the dynamics of the counterfactual, as well as the difference between the two (i.e. the hypothetical movements of real house prices growth if all structural shocks but monetary policy shocks had been turned off). The cumulative contribution of monetary policy shocks to house price growth differ widely across countries: from a peak of 0.4% in Germany to a maximum cumulative effect of above 2% in Ireland, followed by the Netherlands and Spain. The maximum contribution is also relevant in Italy (slightly above 1%), while in Belgium and France it lies in a middle ground. It is worthy of note that a substantial increase in house prices would have occurred in Ireland and Spain between 2001 and 2006 even in the absence of all other structural shocks but monetary policy. Finally, we note that the cumulative contributions of monetary policy shocks vary not only in size but also they do not appear to be correlated over time across countries.
Conclusions
In this paper, we use a structural Bayesian VAR model to provide a systematic structural analysis of the effects of housing demand shocks on the macro-economy across selected euro area countries, and the role of house prices in the monetary transmission mechanism. A novel identification strategy which combines zero and sign restrictions is proposed. Among other things, by doing so, we are able to distinguish between a house price and an aggregate demand shock, which would be difficult otherwise. To overcome the over-parameterization problem, the priors are selected using a Stochastic Search Variables Selection method, which allows for shrinkage of the VAR coefficients while selecting restrictions that are supported by the data itself. This in turn makes adequate finite sample inference and exploits in full the intrinsic cross-country heterogeneity typical of the housing market.
Furthermore, given the lack in the literature of comparative studies that try to quantify the degree of heterogeneity of the impact of house prices and their role in the transmission of monetary policy across euro zone members, we exploit the cross-sectional dimension of our data to quantify and compare the different dynamics of house prices, their heterogeneous effect on the macro-economy and the diverse impact of monetary policy in driving house price cycles across eurozone member states. Quantifying such diverse effects is important from a policy perspective, in particular when addressing real and financial imbalances at the country level.
The structural analysis confirms that the effects of housing demand and monetary policy shocks differ widely across the countries under investigation. We document the existence of a housing "wealth effect" in Ireland and Spain, where a one percent increase in real house prices is associated with a 0.15% rise in real private consumption. The fact that both countries experienced a housing bubble corroborates the view that house price booms play an important role in boosting confidence, which in turn stimulate consumption. The historical decomposition analysis supports these findings. The cumulative effects of housing demand shocks on consumption are larger in Ireland and Spain. In both countries, housing demand shocks significantly contributed to the surge of consumption growth during the specific housing boom episode observed in the sample and to the subsequent decline during the recession started around 2007.
The impact of housing demand shocks on real loans to household exhibits a less heterogeneous and a fairly similar pattern across countries in terms of sign, size and statistical significance. On average, a housing demand shock, in terms of a 1% increase in house prices, causes a 0.35% increase in real loans. Housing demand shocks play an important role in explaining loans forecast error variance across all countries under investigation. This clearly suggests that changes in the value of collateral affect borrowing capacity. The historical decomposition analysis provides further evidence in support of the "financial accelerator" theory. We then show that monetary policy has a strong and lasting impact on house prices, corroborating the existence of a credit channel in the euro area housing market and an important role of house prices in the monetary transmission mechanism. The impact is highly heterogeneous, varying between 0.4% (in Germany) and 3% (in Spain). A monetary policy shock accounts on average for around 25 to 30% of the forecast error variance of real house price growth. The historical decomposition analysis documents a highly heterogenous contribution of monetary policy shocks to house price dynamics.
A Technical Appendix
A.1 The VAR with SSVS Prior
Prior on the VAR coefficients. Let α = vec(A) be the Km × 1 vector of regression coefficients. The SSVS assumes that the prior distribution of α j (the jth element of α) is a mixture of two Normal distributions:
To select τ 2 0i and τ 2 1i , we follow George, Sun and Ni (2008). They propose a "default semi-automatic approach" which involves setting τ 0j = c 0σα j and τ 1j = c 1σα j , where c 0 c 1 , i.e. c 0 = 0.1 and c 1 = 10;σ α j is the standard error associated with the unconstrained least squares estimate of α j . The dummy γ j is unknown and it has to be estimated in a data-based fashion. In particular, it is assumed that the γ j 's are independent Bernoulli random variables so that P (γ j = 1) = p j , P (γ j = 0) = 1 − p j , j = 1, .., Km.
As noted by George, Sun and Ni (2008), for each j, p j reflects the prior belief that α j should be unrestricted. In the absence of such prior information, one could set p j ≡ .5 and let the data decide whether to shrink or not the coefficient to zero, as we do in this paper.
Prior on the covariance parameters. The covariance matrix can be decomposed as Σ We arbitrarily set κ 0ij = 0.1, and κ 1ij = 6. Alternatively, κ 0ij and κ 1ij can be chosen using similar consideration for setting τ 0j and τ 1j .
We assume that the ω ij are independent Bernoulli random variables such that P (ω ij = 1) = q ij , P (ω ij = 0) = 1 − q ij for i = 1, ..., m and j = 2, ..., m − 1 and where q ij ∈ (0, 1). Given the absence of prior information on whether ω ij should be unrestricted, we follow George, Sun and Ni (2008) suggestion, by setting q ij = 0.5.
For the diagonal elements, it is assumed prior independence with ω Posterior Distribution. Posterior computation is carried out using the Gibbs sampling algorithm described in George, Sun and Ni (2008) .
Following the latter, we simulate a Markov chain of 20.000 cycles and discard the initial 10.000 burn-in replications. In their simulated numerical examples, the authors note that simulation results using a larger number of cycles (50.000) change little, suggesting that the Markov chains converge rather quickly.
Estimation of the reduced form VAR requires approximately one minute (for each country).
B Data
B.1 Data Sources
All data cover the period 1980Q1-2014Q4, unless otherwise specified. All variables were transformed in annualised quarter on quarter changes except for interest rates which are in levels. When seasonally adjusted data are not directly available, we make the necessary adjustments, using the X-12 Census method. Nominal house prices and nominal loans were deflated using CPI indices. House Prices. For Belgium and Italy, we use "Residential property prices, New and existing dwellings; Residential property in good & poor condition; Whole country". For France, Ireland, the Netherlands, and Spain, we use "Residential property prices, New dwellings; Residential property in good & poor condition; Whole country". For Germany, an annual series covering new dwellings (apartments and houses) in 50 West German cities were used given its long time span (starting in 1975) and due to the absence of structural breaks related to the German reunification compared to other available series (the annual series was linearly interpolated at a quarterly frequency). House price data for Spain starts in 1987Q1.
GDP, Private Consumption and
Sources: ECB and national sources, and BIS (Germany).
Loans. We use data on "Credit to Households and NPISHs from All sectors". 
